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Abstract 

We study the semi-leptonic and non-leptonic B weak decays which are governed by the B 
D^*^ transitions. The branching ratios, CP asymmetries (CPA) and polarization fractions 
(FA) of non-leptonic decays are investigated in the factorization approximation. The B — >■ 
D^*^ form factors are estimated in the Salpeter method. Our estimation on branching ratios 
generally agree with the existent experimental data. For CPA and polarizations, comparisons 
among the FA results, the perturbative QCD predictions and experimental data are made. 

Recent years, more and more measurements on the physics of charmed-meson B decays 
have been made [1, 2]. The factorization approximation [3] has been justified to work well in 
B Z)(*)X decays. Tih now, several works on estimating B — t- D^*^ form factors have been 
done including constituent quark model (CQM) [4], QCD sum rules (QCDSR) [5] and heavy 
quark symmetry (HQS) [6, 7, 8]. In this work, we study B D^*^ precesses with the Salpeter 
method (instantaneous Bethe-Salpeter method [9]). 

FA has not been justified if it still works in the CP asymmetry. Besides, the non-factorizable 
contributions to CPA, calculated by some approaches beyond the FA, such as QCD factorization 
(QCDF) [10] and perturbative QCD (pQCD) [11, 12], is stih unclear. Actually the QCDF and 
the pQCD predictions on CPA are quite different even have opposite sign [13]. So, it seems 
important to make a comparison between the theoretical predictions and experimental data 
on CPA. The polarization of the decays to two (axial) vectors is another important observable 
which is also covered in this letter. 

The wave functions used here which have quantum numbers = 0~ (for B^^^^ and D^^^^) 
and 1^ (for D*^^^^) are written as [14] 
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where ai{qp^ ) and bi{qp^ ) are functions of q^^ ; M is the mass of the corresponding meson; e"^ is 
the polarization vector. Qp = and Qp^ = q — We chose the parameters : m„ = 0.305 

GeV, rrid = 0.311 GeV, rric = 1.62 GeV and nib = 4.96 GeV [14] to solve the Salpeter equation 
and obtained the numerical values of wave functions. 

According to Mandelstam formalism [15], under the instantaneous approximation, a transi- 
tion matrix element induced by a current F'^ = 7'^(1 — 75) can be written as 

imMF^qMm = I ^Tr[^;-^(,,,^J^L.r-^++fe,^J A], (1) 

where v^J^ = A+|j^(^|j^A+ and ^ = 7oV'ho. Af ip,J ^ 2fe[^a;,±(^,^+(-l)^-+im,)] with 
cjj = a/ ~ P% •> where j = 1 for quark and j = 2 for anti-quark. Lg = "^^^"^^t^-^i^(Pi/p. )? 

«/-/x = - ''"'mi'"'" Pf + ^(ifc^^ - ^^/)' ^it^ ^ = ;^Il3fe7^/^i - The transition 
matrix element can be expressed with form factors by the following decompositions: 

{D\q^V^^q2\B) = /+(g2)pM + /_(Q2)qm, 
{D*\q^^>^q,\B) ^ iT^fv{Q')s^'*''^''^ + h{Q')Tg^P^ (2) 

where P = Pi + Pj and Q = Pi - Pj. f±{Q^), fv{Q^) and fi{Q^) {i = 0, 1,2) are the form 
factors, we draw them in Fig. 1. The form factors of B~ are almost the same as them. 

Now we turn to study the B — >■ D^*Hvi decays and B^ £)(*)+ -|-L~ decays, where L denotes 
a light meson, and B^{B-) £>(*)+ (i:)(*)0) + D"^^ decays, in the framework of FA. Starting 
from the effective Hamiltonian of interested processes, the decay amplitudes are gathered as 
follows[16]-[18]: 

M= ||y>7''(l-75)/(i?W [67^(1 -75)c|i?), for B ^ D(*nui, 

M= ^VaV:^aiA, for 5° ^ Z^W+L", 

Sf{-^'^«i+ ^ \[< + 4o + ^i< + 4)]}A for B^D(*)Da^,), 

^ p=u,c ^ 

where A = (L>(*)|cr^6|S)(A:|gr^jo|0), Ap = Vpiy*^ and Vpq is the CKM matrix element with 
p = u,c and q = d,s. ai are the combinations of Wilson coefficients Ci{^): a2i-i = C2i-i + 
a2i = C2i + with Nc = 3. In the amplitudes, ai term corresponds to the contribution 
from the color-favored tree diagram, a^^ ('^sio) correspond to the QCD (electroweak) penguin 
contributions where < = a^+if with if = if = l^{Ci[f -G{mp, fc^)]}, /f = If^ = ^{(Ci + 
C2Nc)[^ — G{mp,k'^)]} and G{mp,k'^) = —4 x{l — a;)ln "^'' ''^j^^ dx, where k is the penguin 
momentum transfer. We take it to be k"^ = ^(1 -|- (m?^ - m^)(l — ^^)/M|. -|- (m^ -|- 2m?^ - 
M'jr)/m1) as did in Ref. [18]. The ^ in Eq. (3) arises from the right-handed currents and depends 
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on the of the final state particles. The collected expressions of ^ are shown as follows: 

for DX{Q-) - ''^L-m.v for ^^(0+) 



(m(,— m.c)(mc+mq) ' ^ ' (mi,—mc)(mq—mc) 

■ I ^ ^ . , for D*Xi<d-) +—-^ . 



and for others, where X denotes a Dg {q = s, d) meson with its shown in the bracket. The 
current quark masses encountered in G{mp, k"^) and ^ are taken from Ref. [19] and then evolved 
to the scale ji ~ mi, by the renormalization group equation of the running quark masses. 

The amplitudes for double charmed B decays considered here can be written as ^A = 
VcbV*gTi + VubV*gT2. Then the direct CP asymmetry can be written as Acp = p^f I^jj!|!p(g^jj = 
-^iT+sfrasT ^'^^r^ ^{^) denotes a meson with a b quark (b anti-quark), / is the CP conjugated 
state of /. The weak phase 7 = arg(-^) arg(^). D^ = \ g,/gSp./g, \ ^nd = 
|Gi/G^+|G2/Gi| ^'^^r^ = ^cbV^gTi, G2 = VubV:gT2 and the strong phase S = axg(T2)-arg(ri). 
ei = +1 for q = s, and £2 = — 1 for g = d, respectively. For numerical calculations, we need the 
values of following input parameters: 

Ci = 1.0849, C2 = -0.1902, C3 = 0.0148, C4 = -0.0362, C5 = 0.0088, 
Ce = -0.0422, ^ = -0.0007, ^ = 0.0565, ^ = -1.3039, ^ = 0.2700. ^ ' 

The Wilson coefficients at the scale ji rrib and coupling constants are quoted from Ref. [20], 
and the others like CKM matrix elements and life times of mesons are taken from PDG [19]. 
The decay constants used are shown in Table 1, as{mb) = 0.216. 

The estimated branching ratios of B ^ D^*^li/i decays are listed in Table 2. The results 
are generally consistent with each other. Our uncertainties are obtained by varying the input 
parameters by ±10%. The decay rates for B D^*^X are shown in Table 3. The results from 
"DBGN", "NS" and "COW" are estimated within FA or the generalized factorization approach 
(GFA). The B D^*'>X decay amplitudes discussed here evaluated within FA, GFA and QCDF 
have the same structure. For color-favored dominated processes, ai won't vary too much from 
method to method. Actually for the decays discussed here ai ~ 1 — 1.1. So the differences 
among these results could refiect the differences on B ^ D^*^ form factors. From Table 3, we 
can see that our results are roughly consistent with those from other methods and within the 
error bars of experimental data. 

The direct CP asymmetries are shown in Table 4. We can see that the CPA estimated 
with FA are generally within the experiment errors, but are quite different from the pQCD 
predictions. In pQCD, the annihilation diagram contributes the leading strong phase [13], 
whereas in FA this diagram is totally ignored. Recent years, the Belle Collaboration and the 
BaBar Collaboration measured the CPA of S° D+D' mode [1, 2]: Acp = 0.07 ±0.23 ±0.03 
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Figure 1: Form factors of — )• D^*^^ weak transition. 
Table 1: Decay constants used in our calculation in unit of MeV. 





fk 


Id 


/d. 


fp 


fk' 




130 [19] 


156 [19] 


207+1 [19] 


258+^ [19] 


205+1 [21] 


217+1 [211 


229+;^ [7] 










/d31(2460) 


/Dsi(2536) 




24Bt™ [22] 


272+Jg[22] 


137tJ [23] 


109+J [23] 


227+^5 [23] 


77.3t^;^8* [23] 





(BaBar), Acp = 0.91 ± 0.23 ± 0.06 (Belle). If the measurement of Belle is justified, it cannot 
be explained by either the FA or pQCD. 

We turn to discuss the polarization fractions of B ^ VV{A) decays, which are defined as 

Ri 



|;v<^p+|A^llP+|A^xP ' ^^^'-^ -^i^ ■^W •^-L ^® longitudinal, transverse parallel and 
transverse perpendicular part of the amplitude respectively. The results are listed in Table 5. 
Our results agree well with the experimental data except the in D*^D*^ mode. Wc 

note that the pQCD prediction on R±_ 0.6 [11] in 5° D*+D*- are not consistent with the 
experimental data either. So a large R± cannot be explained by the non-factorizable effects, at 
least in the framework of pQCD. According to our results, for B DL decays, the relation 
Rl ~ 0.8 » » R± holds; for B ^ DD decays Rl ~ R\\ ~ 0.5 > R± holds. 

In summary, within the framework of FA, we use the Salpeter method to study the decays 
of 5 ^ D^*^lui and B — )■ D^*^X. The direct CP asymmetries do not contradict the measure- 
ments. For the polarization fractions, our predictions on R^ agree well with the experimental 
measurements, but on R±^ in B^ — )• D*^D*^ mode, the experimental data are larger than our 
results. 
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Table 2: Branching ratios of semi-leptonic B — )■ D^*'>lvi decays. 



Processes 


This work 


CQM [4J 


QCDSR |5J 


Experiment [19J 


B" -t- (i = e,/i) 


(1.3 - 2.0) % 


(2.2 - 3.0)% 


(1.5 - 2.4)% 


(2.17 ±0.12) % 




(4.0 - 6.1) X lO--* 






(1.1 ± 0.4)% 


S" ^ £)*-!+!/, (i = e, (i) 


(4.7 - 6.0) % 


(5.9 - 7.6)% 


(4.36 - 8.94)% 


(5.01 ± 0.12)% 




(1.1 - 1.4) % 






(1.5 ± 0.5)% 


B+ ^ D"l+ui (I = e, m) 


(1.4 - 2.2) % 


(2.2 - 3.0)% 


(1.3 - 2.2)% 


(2.23 ± 0.11) % 


S+ ^ S»r+^, 


(4.3 - 6.6) X lO"-* 






(7 ± 4) X lO"-* 


S+ ^ D*"l + vi (I = e, n) 


(5.0 - 6.5) % 


(5.9 - 7.6)% 


(4.67 - 9.12)% 


(5.68 ± 0.19)% 


B+ -> S*"t+i/t 


(1.2 - 1.5) % 






(2.0 ± 0.5)% 



Table 3: The (averaged) branching ratios of S° and D^*^°D~^ in unit of 

10-^ 



channels 


Tlris worli 


DBGN [6| 


NS [7J 


CGW [8J 


qCDF [lOJ 


pQCD |12| 


Ex |19] 








:!.() 




.■5.27 


2,(i9^|!';;' 


2.(18 ± 0.13 


D', 


-r, 1 I-,'. 


(>.(> 






7.()4 


'.■™ 1,^^ 


7, (J ± l.:i 


D + k'^ 


,, .,,+u,ii:i 

""^^-0.05 


0.20 


0.2 




0.25 




0.20 ±0.06 


D+k*- 


44+"-"« 
"■**-0.12 


0.33 


0.4 




0.39 


0.383„ gg^ 


0.45 ± 0.07 


D + a^ 






8.1 




7.76 




6.0 ± 3.3 




7+0. a 


2.6 


2.8 




3.05 


2.6ll-.- 


2.76 ± 0.13 


D' + p^ 


10 3+^-' 


8.7 


8.4 




7.59 


^■-4l-- 


6.8 ± 0.9 


D' + k^ 


,, oa + ll-ll2 
""^"-0.07 


0.20 


0.2 




0.22 


0.221+^„;Uf, 


0.214 ± 0.016 


D' + k'~ 


0.641-.- 


0.45 


0.5 




0.40 


o.463i;i:if. 


0.33 ±0.06 


£)*+a~ 


15±1 




11.6 




8.53 




13.0 ± 2.7 


D+D- 


o.ssiii-y; 


0.42 


0.3 


0.31 




o.37i|;-^^ 


0.211 ± 0.031 




0.38±ri'5 


0.28 


0.3 


0.42 






0.61 ± 0.15 


D+DJ 


9 3+-l-^ 
— 2 6 


10 


9.6 


8.25 






7.2 ± 0.8 




^■»-2.9 


6.8 


8.0 


10.80 






7.4 ± 1.6 


d+d;- 


+ U.IJ2 
"■^•^-0.04 
















1 4+"-^ 














D+D^^(2460) 
















£>+£>- (2536) 


43+'J-^=* 
"■''■3_0.21 














D' + D- 


n ,„+!). (IB 


0.31 


0.2 


0.29 




46+"-'*^ 




D*+D*- 




1.0 


0.8 


0.91 




"■6-^-0.30 


0.82 ± 0.09 


D* + DJ 


■'■■'-2.9 


7.0 


5.8 


7.67 




11.2 + ^« 


8.0 ±1.1 




26+-^ 


26 


23.2 


25.51 






17.7 ± 1.4 


d'+d;- 


12+"^"^ 
















1 4+"^^ 














D* + D7j(2460) 


19+^7 














i3* + D~j^(2536) 


2 2+"^'' 
















().38_j, j2 


0.42 


0.4 


0.33 




^■39±li:S 


0.38 ± 0.04 


d"d'- 


"■«l'^:l;! 


0.28 


0.3 


0.45 




0.36^0.17 


0.39 ± 0.05 


d"d- 


lo.ot^-;^ 


10 


10.3 


8.94 




Q = + «■" 
^■^-4.6 


10.0 ± 1.7 


d"d'- 


"■*-3.1 


6.8 


8.5 


11.73 






7.6 ± 1.6 




















1 5+"^^ 
^■°-0.5 














£)"o^j(2460) 
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I5°I5~j(2636) 


46+"-^'' 
"■*°-0.22 
















"■•'■'-0.13 


0.31 


0.2 


0.31 




0.48iU;f3 


0.63 ±0.17 


D*"D*- 


-'-■^''-0.43 


1.0 


0.9 


0.98 




o.68i;!:^3"2 


0.81 ± 0.17 


d'"d- 


10.3t,V2 


7.0 


6.2 


8.34 




ii.9+!!^^ 


8.2 ± 1.7 


d'"d'- 


28±^, 


26 


24.7 


27.69 






17.1 ± 2.4 




-'■i3ll!:li:^ 
















1 5 + "^^ 
^■■'-0.5 














D*"D~ (2460) 
















£)*"l5~l(2536) 


2 4+"^« 
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Table 4: The direct CP asymmetries and Di, D2 in double charmed non-leptonic decays of i?' 
and B~ . The weak phase is taken as 7 = 68.8°. 



Final States 


^1 


D2 




Ar^ o(POCD) 1121 


A^. f Ex"! 1 191 


D~ 


-0.053 


0.10 


-0.048 


2 — 0.4/ ^ ^ 


0.5 ± 0.4 


D+ D*~ 


-0.015 


0.026 


-0.014 


~ 10-^ 






().()():i2 


-().()()!)7 


(i.on.'io 






D D 


11. ( <sl 


-0.0014 


(1.(1(1(176 






D D,] 


-d.Os:! 


0.17 


-0.073 






D D 


0.00.10 


-(J. (11(1 


(1.(1(147 






D " D , 1 !24(i()) 


11.(111(1^2 


-(LOOK) 


(1,(1(1(176 






D " D^,, ^2.:):i(i; 


U.U0U82 


-0.0017 


U.U(JU7() 






D* + D~ 


0.0046 


-0.016 


0.0043 


{-o.etrifo.i) X 10-" 




D'+D*- 


-0.015 


0.026 


-0.014 


~ -10-* 


0.01 ± 0.09 


D- + D- 


-0.00027 


0.0013 


-0.00025 








0.00081 


-0.0014 


0.00076 






* 


0.014 


-0.043 


0.013 








-0.00086 


0.0027 


-0.00080 






D* + D^, (2460) 


0.00082 


-0.0016 


0.00076 






+ (2536) 


0.00082 


-0.0017 


0.00076 






d"d- 


-0.053 


0.10 


-0.048 


(o.sirotri) X K.-^ 


-0.03 ± 0.07 


d"d'- 


-0.015 


0.026 


-0.014 


(o.i±'^-ttri)xio-^ 


-0.06 ± 0.13 




0.0032 


-0.0097 


0.0030 


~ -10-'- 




D"D'- 


0.00081 


-0.0014 


0.00076 


~ -lO"*" 




dOd;- 


-0.083 


0.17 


-0.073 






n"D:- 


0.0050 


-0.010 


0.0047 






D°D^-, (2460) 


0.00082 


-0.0016 


0.00076 






(2536) 


0.00082 


-0.0017 


0.00076 






d'"d- 


0.0046 


-0.016 


0.0043 


(-0.5±-^t^-^)xl0- 


0.13 ± 0.18 


D'"D'- 


-0.015 


0.026 


-0.014 


(0.2±H±0.1)X10-^ 


-0.15 ± 0.11 




-0.00027 


0.0013 


-0.00025 


— lo-'^ 






0.00081 


-0.0014 


0.00076 


— lo-'^ 






0.014 


-0.043 


0.013 








-0.00086 


0.0027 


-0.00080 






D*°D7, (2460) 


0.00082 


-0.0016 


0.00076 






D*°D~-, (2536) 


0.00082 


-0.0017 


0.00076 
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